in 1 50% of CD patients, with the remainder expressing levels similar to GS patients or controls, and was paralleled by a trend toward increased proportions of CD3+CCR6+ cells in intestinal mucosal specimens from these subjects. Conclusion: We conclude that GS, albeit gluten-induced, is different from CD not only with respect to the genetic makeup and clinical and functional parameters, but also with respect to the nature of the immune response. Our findings also suggest that two subgroups of CD, IL-17-dependent and IL-17-independent, may be identified based on differential mucosal expression of this cytokine.
Introduction
Gluten is the trigger of a heterogeneous set of conditions, including wheat allergy, gluten sensitivity (GS), and celiac disease (CD), that, combined, affect about 10% of the general population [1] [2] [3] . Once believed to fall exclusively into the domain of allergic conditions, e.g. wheat allergy, it is now clear that the intestinal and extraintes-tinal manifestations of CD are mediated by innate and adaptive immune pathways not shared with allergic disease [1, 4] . CD, which roughly affects 1% of the general population, is considered an autoimmune disorder because of the presence of highly specific autoantibodies to tissue transglutaminase (tTG), and may lead to the onset of other autoimmune conditions [1] . Besides CD, GS may present with similar symptoms but without anti-tTG autoantibodies or autoimmune comorbidities [3] . CD is a life-long condition that requires rigorous and continuous avoidance of intake of gliadin, the toxic component of gluten, whereas GS can vary in terms of gluten threshold sensitivity and duration [5] .
In support of the autoimmune, adaptive nature of CD, there is a strong genetic association with the MHC class II haplotype in CD patients, about 95% of whom carry HLA-DQ2, and the remainder HLA-DQ8 [6] . Conversely, only about 50% of patients with GS carry the HLA-DQ2 or -DQ8 haplotype, a percentage slightly higher than in the general population. The diversity of gluteninduced conditions suggests that the immune system reacts to and deals with the triggering environmental factor, e.g. gliadin, in distinct ways. The identification of interleukin (IL)-17-producing CD4+ T helper cells, Th17 cells, has had major impact on understanding immune processes not readily explained by the Th1/Th2 paradigm [7] . Aside from their possible involvement in host defense against microbes, Th17 cells have been linked to the pathogenesis of inflammatory and autoimmune diseases such as collagen-induced arthritis and colitis [7] [8] [9] .
CD has been considered a classical Th1-mediated disorder because of the enhanced mucosal mRNA expression of interferon-␥ , but not IL-4, in patients with untreated disease [10] . Following the identification of the Th17 T cell subset and the growing appreciation that these cells are centrally involved in the pathogenesis of autoimmune disorders, it has become important to investigate the possible involvement of Th17 cells in CD. A recent report by Castellanos-Rubio et al. [11] shows indeed that the expression of Th17-associated cytokines, e.g. IL-17A, is increased in patients with active CD as opposed to patients on a gluten-free diet. Furthermore, we have shown that gliadin can induce the production of the Th17-polarizing cytokines IL-1 ␤ and IL-23 in peripheral blood monocytes, providing a possible causative link between exposure to gluten and the expansion of IL-17-producing clones in CD [12] .
As a preliminary effort to understand whether Th17 cells are uniquely involved in the pathogenesis of CD and hence, to further elucidate the autoimmune nature of this condition, we studied the expression of IL-17A in duodenal biopsies from CD and GS patients compared to controls.
Materials and Methods

Patients
Small-intestine biopsy samples were obtained from 13 active CD patients, 11 GS patients and 7 controls. All gave informed consent in accordance with a protocol approved by the Second University of Naples ethical committee. The subjects' characteristics are summarized in table 1 . The diagnosis of CD or GS was based on the modified criteria from the European Society of Pediatric Gastroenterology, Hepatology and Nutrition (ESPGHAN) [13] . Patients were recruited based on the following inclusion criteria: gastrointestinal symptoms, such as chronic diarrhea, abdominal pain, constipation, weight fluctuation, bloating, weakness, fatty stools; extraintestinal symptoms, such as unexplained anemia, growth failure, joint pain, muscle cramps, osteoporosis, tingling numbness in the legs, tooth discoloration, glossitis, and autoimmune thyroiditis. Exclusion criteria for diagnosis of GS included seropositivity for anti-endomysium antibodies IgA and anti-tTG IgA, and high serum total and/or wheat-specific IgE. Other conditions characterized by altered intestinal permeability, e.g. type 1 diabetes, inflammatory bowel disease, Helicobacter pylori infection, and parasitosis, were also excluded. All subjects were tested for intestinal permeability in vivo using the lactulose/ mannitol double-sugar test as described [14] .
Methods
Biopsy specimens were staged by histology according to the Marsh classification [15] . Intraepithelial lymphocytes (IELs) were counted by immunohistochemistry as described [16] . Mucosal CD3+ lymphocytes coexpressing the Th17 marker CCR6 were visualized by confocal microscopy with a Radiance 2100 system (Carl Zeiss MicroImaging, Thornwood, N.Y., USA) upon double labeling with rabbit anti-CD3 (Sigma-Aldrich, St. Louis, Mo., USA), mouse anti-CCR6 (clone 11A9; BD Biosciences, San Diego, Calif., USA), and secondary fluorochrome-conjugated antibodies (Invitrogen Molecular Probes , Eugene, Oreg., USA) as described [17] . Total RNA was extracted from biopsy specimens using Trizol (Invitrogen, Grand Island, N.Y., USA), and reverse transcribed to cDNA using the First Strand cDNA Synthase Kit (MBI Fermentas, Hanover, Md., USA) with random hexamer primers. Realtime quantitative PCR was performed with the Applied Biosystems 7500 Fast Real-Time PCR System using the Taqman protocol (Applied Biosystems, Foster City, Calif., USA). Primers and probes for the evaluation of IL-17A (Hs00936345_m1), and for RNA loading and integrity control, 18S (Hs99999901_s1) expression were purchased from Applied Biosystems. The data were calculated as the ⌬ CT of IL17A to 18S reactions, and are expressed as percent of 18S (2 -⌬ CT ! 100). Differences between groups were tested for significance using the Mann-Whitney and KruskalWallis nonparametric algorithms.
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Results and Discussion
All subjects underwent upper-duodenal endoscopy. Those with GS revealed normal to mildly inflamed mucosa (Marsh 0-1), while all CD patients showed partial or subtotal villous atrophy with crypt hyperplasia according to the ESPGHAN criteria [13] . Figure 1 shows representative photomicrographs of CD3 staining on mucosal biopsy specimens from dyspeptic control patients, active-CD patients, and GS patients. As expected, CD patients ( fig. 1 c) had increased numbers of CD3+ IELs ( 1 50/100 enterocytes) compared to controls ( fig. 1 a) , while GS patients had a number of CD3+ IELs intermediate between CD patients and controls in the context of relatively conserved villus architecture ( fig. 1 b) . The numbers of TCR-␥ ␦ IELs were only elevated in CD subjects ( 1 3.4/100 enterocytes), while in GS patients the numbers of ␥ ␦ IELs were similar to those in controls. More details on these findings are provided elsewhere [Sapone et al., manuscript in preparation].
As shown in figure 2 , IL-17A gene expression, measured by real-time quantitative PCR in biopsy specimens, was significantly elevated in active CD patients (mean 8 SE: 0.0088 8 0.002% of 18S) compared to GS patients (0.0025 8 0.0008%; p = 0.03) and controls (0.0022 8 0.0013%; p = 0.024). The level of variance across the groups was also statistically significant (p ! 0.025). Interestingly, as figure 2 shows, this difference fig. 3 ), but these differences did not reach statistical significance, presumably due to the small sample size and a high degree of interindividual variability. It can be speculated that this variability might reflect different stages of the condition, or imply an as yet unappreciated level of heterogeneity in the immune mechanisms involved in CD pathogenesis. Longitudinal studies in larger populations might help elucidate these issues.
Together, these data show that the expression of IL-17, a cytokine that is thought to be involved in inflammatory and autoimmune processes [8, 9, 12] , is elevated in CD but not in GS. Our work confirms and extends the study by Castellanos-Rubio et al. [11] showing gluten-dependent expression of IL-17A in active CD. In addition, combined with the other observed clinical and histological differences, it further supports the idea that CD and GS are distinct entities and that the immune system deals with gluten in different ways, possibly depending on the genetic makeup [2, 3, 18] . Where in GS as well as in wheat allergy the gluten-induced response leads to immunity toward a non-self diet component, i.e. gliadin, in CD a deviated, self-directed adaptive response leads, in addition, to the onset of a full-fledged autoimmune process. In clear contrast to GS, CD results from a complex, as yet undetermined, interplay of increased intestinal permeability, mucosal damage, environmental factors additional to gluten, and genetic predisposition, which involves both MHC and non-MHC genes [Sapone et al., manuscript in preparation] [6] . Based on our recent work, we can speculate that gliadin may directly affect the expansion of Th17 clones by inducing the expression of IL-23 among other cytokines [12] . Studies are needed to elucidate whether the unique involvement of these cells in CD versus GS reflects differential expansion in response to gliadin-induced factors versus other mechanisms, including mucosal recruitment.
In conclusion, here we present for the first time evidence of differential intestinal mucosal immune responsa b
